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ABSTRACT: 
We have combined two Ronchi grids to form a Toepler's schlieren 
system. Using this system we were able to photograph the distribution of heat as 
it propagates through water. This method is better than simple schlieren 
photography and shadowgraphy because the resulting moire' pattern shows 
directly, in the form of a map, how the heat is dispersed in the liquid. The added 
dimension, that is, the distortion of the grid lines, seen in the photographs 
indicates the magnitude of the gradient in an otherwise regular pattern. 
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INTRODUCTION: 
Toepler's schlieren technique has long been used because it can convert 
otherwise hard-to-see light refractions in transparent media into visible and 
recordable images. These photographic images are two-dimensional. In order to 
show the magnitude of the gradient, another dimension should be added. By 
placing a Ronchi grid on each side of the fluid which contains the gradient, the 
magnitude of the distortion produced by the gradient creates an additional 
dimension which can be seen and photographed. 
A Ronchi grid contains a series of parallel lines with uniform spacing. 
When two of these grids are superimposed nearly parallel to one another, a 
moire' pattern results. This pattern is another sequence of parallel lines which 
may or may not be oriented in the same direction as the original grid lines, 
depending on the index of refraction of the fluid. Without any optical gradients 
present, the lines are straight. However, with such gradients present, the grid 
pattern will show characteristic distortions. These distortions show as bent or 
wavy lines. The exact position of the grids is not critical. The closer the grids are 
to each other, the more fringes appear, and the more obvious the bending 
becomes. 
In our experiments we used a heat wave and its propagation through a 
glass container filled with cold tap water, to show documentation of the added 
dimension. 
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APPARATUS: 
The following supplies were used to create the moire' patterns and their 
distortions: 
-110 Watt incandescent light source. 
- Opaque diffusing filter attached to light source. 
-3.0 em deep glass container, filled with cold tap water. 
- (2) fine ruled glass Ronchi rulings, approximately 4x4cm in size 
and having approximately 26lines/ em. 
- A commercially available heating element or so-called immersion 
heater. 
-Canon 50mm 1:1.8 AE-1 camera with stand. 
- Kodak 400 ASA 35mm TMY Black & White Print Film. 
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Figur~ 1 : Ronchi Gdd M~thod . A-lncand~sc~nt Light Source; B-Diffusing Filt~r; C & F -Fine Ruled 
Ronchi Grids; D-Glass Container filled with tap water; E-Heating element; G-Camera. 
PROCEDURE: 
Figure 1 shows the setup. Diffuse light comes from the incandescent light 
source (A) and passes through a diffusing filter (B). The light is then incident on 
the first Ronchi ruling (C) located approximately 40cm from the light source. A 
shadow of (C) is passed through the 3.0 em deep container that is filled with 
water onto the second ruling (F). This has the same pitch as grid (C). The 
resulting moire' pattern is observed by looking in a straight line at the light 
source and the two rulings. 
Next the heating element is inserted into the container of water, with the 
coil resting just below the lower border of the grids. The camera is placed 
approximately 60 em from the glass container. 
The element is then turned on for a very brief period of time, approx. 15 
seconds, until the distortion of the fringes is clearly seen. With careful 
manipulation of the camera settings, these patterns can be photographed. We 
found that the best photographs resulted when the camera was set with F-stops 
between 16-22 and an exposure time of 1/500 seconds. 
The following Figures 2, 3 and 4 shows various examples of moire' 
patterns of such heat waves: 
Figure 2: A photograph taken with camera setting ofF-stop 22 and 1/500 second exposure 
time. With the heating element turned on for 5 seconds, initial distortion of the fringes is clearly 
seen. 
Figure 3: A second photograph taken with camera setting of F-stop 16 and 1/500 second 
exposure time. After an additional 5 seconds, 10 seconds total, distortion of fringes is 
more pronounced. 
Figure 4: A final photograph taken with camera setting ofF-stop 16 and 1/500 second exposure 
time. After a total of 15 seconds, maximum distortionof the fringes results. 
DISCUSSION: 
In many previous studies, much of the analysis of conventional black-
and-white schlieren photographs is based on the interpretation of shades of grey. 
We use a different method that at the same time allows a precise quantitative 
analysis. This is done by the Ronchi-grid or moire' pattern method. The resulting 
distortions of the moire' patterns can be photographed; they show the 
quantitative size of the gradient and permit us to follow the propagation of a heat 
wave with much more precision. 
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